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Abstract 14 
This paper provides an analysis of the socio-economic impacts of river restoration 15 
schemes, and is novel in considering how a wide range of socio-economic variables can 16 
be used to understand impacts on the entire resident population within an area. A 17 
control-impacted approach was applied to explore differences in socio-economic 18 
characteristics of areas within which a restoration scheme had been carried out 19 
compared to areas without such a scheme. The results show that significant differences 20 
exist between control and impacted areas for a range of socio-economic variables. 21 
However, due to constraints in the methods and the data available, there are currently 22 
limitations in the extent to which socio-economic impacts of river restoration schemes 23 
can be fully explored. Additional datasets that become available in the future may 24 
increase the ability to detect associations between improvements in the water 25 
environment and socio-economic benefits. However, whilst the secondary data used in 26 
this paper are potentially powerful, they should be used alongside other techniques for 27 
assessing the impacts of decisions as part of future frameworks to deliver sustainable 28 
water management.  29 
 30 
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1. Introduction 34 
 35 
Sustainable and integrated approaches to water management are starting to gain 36 
recognition and acceptance among water managers as a route to more effective 37 
decisions (Galaz, 2007). Consequently, there has been a clear change in water policy, 38 
moving away from managing water in a fragmented way and towards more holistic 39 
approaches (Hooper, 2003; Steyaert and Olliver, 2007). An example of this change can 40 
be seen in the EC Water Framework Directive (WFD) which was transposed into UK 41 
law in 2000 (EC, 2000). The aims of the WFD include securing ‘good’ ecological and 42 
chemical status for all surface water bodies, and good chemical status for all 43 
groundwater bodies, by 2015. More interestingly, the holistic approach embodied by the 44 
WFD opens up new possibilities for future water management by requiring the water 45 
environment to be managed in an integrated way. Such a management approach should 46 
be in line with Meyer’s (1997) definition of a healthy ecosystem as “sustainable and 47 
resilient, maintaining its ecological structure and function over time while continuing to 48 
meet societal needs and expectation”. Hence, the costly and ambitious implementation 49 
of the WFD should aim to generate multiple environmental, social and economic 50 
benefits, and not only to achieve good ecological status (Wharton and Gilvear, 2006). 51 
These multiple benefits may include outcomes such as greater community well-being 52 
arising from a more amenable local river environment. 53 
 54 
Despite increased pressure for sustainable water management, and new holistic policy 55 
approaches such as the WFD, environmental, economic and social impacts are currently 56 
not integrated in a way that will meet this demand (Pahl-Wostl, 2007). In particular, 57 
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social impacts are often neglected (Hooper, 2003; Eden & Tunstall, 2006), and little 58 
consideration is given to determining whether social gains have resulted from water 59 
management decisions and actions (Hooper, 2003). To achieve sustainable water 60 
management and fulfil the objectives of the WFD, on-the-ground implementation must 61 
be aligned with higher-level aspirations. However, contemporary implementation of 62 
many aspects of water management continues to be opportunistic rather than strategic, 63 
with clearly stated objectives, monitoring and post project appraisals largely absent 64 
(Skinner and Bruce-Burgess 2005). Such opportunistic approaches might be less likely 65 
to prioritise social and economic components, and decisions potentially more likely to 66 
be driven predominantly by technical and ecological aspects of the water environment. 67 
The aspiration of the WFD to implement holistic decision making and actions could be 68 
a key driver in moving away from opportunistic and towards more strategic water 69 
management approaches.  70 
 71 
Evidence of the social and economic benefits derived from water management actions 72 
would help to support the development of strategic approaches to their implementation, 73 
and would help to ensure that social and economic objectives were prioritised alongside 74 
environmental goals in sustainable water management. There is some emerging 75 
evidence to suggest that improvements in the water environment can result in a variety 76 
of social benefits, such as increased recreational use of the environment, increased 77 
aesthetic values, increased local pride and reduced stress levels (see Tapsell, 1995; 78 
Tunstall et. al, 2000; Jungwirth et al., 2002; EA, 2006; Gobster et al., 2007). These 79 
observations are often based on surveys (see for example EA, 2006), which, although 80 
valuable, are often time consuming and costly to carry out. Water management actions 81 
 5 
also have the potential to influence other areas of the socio-economic system, such as 82 
the demographic, income or education characteristics of the resident population. 83 
Demographic change due to a changing local environment has been subject to a range of 84 
studies. Smith and Phillips (2001) concluded that ‘green’ residential space was a key 85 
driver of in-migration to an area, and consequently caused socio-economic change in 86 
the characteristics of the resident population. Similar observations were made by 87 
Paguette and Domon (2003) who showed that the attractiveness of a landscape had 88 
strong associations with in-migration flows and changes in the composition of the rural 89 
community. Examples of such links can also be found in urban environments. For 90 
example, Sieg et al. (2004) studied the impact of improvements in air quality on land 91 
value and population change. They concluded that significant price increases could be 92 
detected in properties in communities with substantial air quality improvements, relative 93 
to communities with marginal improvements in air quality. Banzhaf and Walsh (2008) 94 
also found strong links between improvements in environmental quality and changes in 95 
local community demographics. Such research begins to suggest that improvements in 96 
water environments not only have the potential to improve amenity values for the 97 
resident population, but in the long term also have the potential to impact a range of 98 
socio-economic factors, such as demographics, both in rural and urban areas. If these 99 
wider socio-economic impacts are not understood in the context of environmental 100 
processes, then this is likely to limit the understanding of ecosystems and of ecosystem 101 
change in itself (Lazo et al., 1999 as cited in Habron et al., 2004; Eden & Tunstall, 102 
2006). In contrast, if social dynamics are understood in the context of water 103 
management, this could highlight key decision-making points and define activities 104 
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needed in order to successfully implement sustainable water management (Habron et 105 
al., 2004), and to deliver multiple benefits from such activities.  106 
 107 
Whilst survey methodologies have been used to detect impacts such as increased 108 
amenity values or improved aesthetic quality of a river environment (Tapsell, 1995; 109 
Gobster and Westphal, 1998; Tunstall et. al, 2000,) other methodologies are potentially 110 
suitable for exploring long-term, large-scale effects, such as those resulting from 111 
demographic changes as described above. Secondary data, i.e. data already available but 112 
originally collected for other purposes, could potentially underpin such methodologies. 113 
These data are often collected over long time periods allowing more gradual change, 114 
such as that associated with in-migration, to be detected. They also cover a broad set of 115 
socio-economic variables and capture a large proportion of the resident population 116 
across national scales. Therefore, secondary data could be used to detect impacts, and 117 
also to compare these impacts, across a large number of water management activities. 118 
 119 
The aim of this paper is to develop a methodology using secondary data that enables the 120 
social-economic impacts associated with water management actions to be explored. A 121 
further aim is to apply this methodology to one set of actions, namely river restoration. 122 
As a result of this work, the limitations and opportunities offered by secondary datasets 123 
will also be examined. 124 
 125 
 126 
 127 
 128 
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2. Methodology 129 
 130 
2.1 Datasets 131 
 132 
A wide range of socio-economic data are available in the UK, which is the case study 133 
area used in this paper. The primary body responsible for collecting, analysing and 134 
presenting socio-economic data is the Office for National Statistics (ONS) for England 135 
and Wales, the General Register Office for Scotland (GROS) and the Northern Ireland 136 
Statistics & Research Agency (NISRA) for Northern Ireland. The most complete and 137 
significant socio-economic dataset in the UK is derived from the UK Census, which 138 
counts all people and households within the UK every ten years. The data cover 139 
information about the population in terms of housing, health, employment, transport, 140 
and ethnic groups, and are provided at national, regional and local scale (ONS, 2008a). 141 
Other socio-economic data such as crime, employment and health statistics can be 142 
derived from various UK governmental departments and local authorities. In contrast to 143 
the Census, these other data are updated on a more frequent basis, often annually or 144 
every second year. However, they are often not available at the same spatial resolution 145 
as the UK Census data. 146 
 147 
Since socio-economic data include a wide range of variables, the sources of the data are 148 
often fragmented, the data are collected at different temporal and spatial scales, and for 149 
different purposes. As a consequence, socio-economic data derived from different 150 
sources can be difficult to compare. To overcome this problem, attempts have been 151 
made to combine different socio-economic data from different sources into coherent 152 
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datasets or indices and classifications. The two most complete and commonly used 153 
indices in the UK are the 2001 Census Output Area Classification (OAC), and the Index 154 
of Multiple Deprivation (IMD). The OAC and the IMD cover a wide range of socio-155 
economic variables, and serve as the basis for exploring the socio-economic 156 
characteristics of a population in this paper. 157 
 158 
2.1.1 The 2001 Census Output Area Classification 159 
 160 
The OAC is the first freely available social classification covering the whole of the UK. 161 
The spatial resolution of the data used in the classification is based on Output Areas 162 
(OAs), which are the smallest geographical units for which 2001 Census data are 163 
available (Vickers et al., 2005). The OAs are built from several postcode areas and are 164 
designed to contain roughly equal numbers of people (ONS, 2008b). In the UK there are 165 
223,060 OAs, and on average each OA contains 110 households and 264 people 166 
(Vickers et al., 2005). The OAC is based on five main categories: Demographic 167 
Structure; Household Composition; Housing; Socio-Economics; and Employment.  168 
 169 
When initially developed, the aim of the classification was to use as few Census 170 
variables as possible that adequately represented these domains. All Key Statistics (94 171 
variables), the first statistics to be released at OA level, were initially considered for use 172 
in the classification. Some variables were merged together and some were removed due 173 
to high correlation, which resulted in a final set of 41 variables that were used to 174 
produce the five categories described above (Vickers et al., 2005). 175 
 176 
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2.1.2 The Index of Multiple Deprivation 177 
 178 
The Index of Multiple Deprivation (IMD) is available for England, Wales, Scotland and 179 
Northern Ireland. Even though some variability occurs across the indices in the different 180 
countries, in general they draw upon similar indicators. However, in this paper the IMD 181 
for England is used as an example, and will therefore be explained in more detail below. 182 
 183 
The IMD is partially based on Census data, but uses a combination of Census data with 184 
further data derived from other sources such as the Inland Revenue, the Department of 185 
Health and the Department of Transport. The purpose of the IMD is to measure multiple 186 
deprivation at the small area level to identify the most disadvantaged areas in England 187 
(Noble et al., 2004). The index provides a total measure of deprivation, based on seven 188 
different domains which are summarised in Table 1. In addition to a total deprivation 189 
score, measures for each deprivation domain are also available. To create the total IMD 190 
score the deprivation domains were assigned different weights (Noble et al., 2004) as 191 
shown in Table 1. 192 
 193 
 194 
 195 
 196 
 197 
 198 
 199 
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Table 1. Summary of the seven domains constituting the Indices of Multiple 200 
Deprivation (IMD), and the weight used for each domain in calculating the final IMD 201 
score. 202 
Indices of Multiple Deprivation (IMD) 
 
Domain  Weight (%) 
Income deprivation 22.5 
Employment deprivation 22.5 
Health deprivation and disability 13.5 
Education, Skills and Training 13.5 
Barriers to housing and services 9.3 
Crime 9.3 
Living Environment deprivation 9.3 
 203 
 The IMD is based on data derived from Super Output Areas (SOAs), which are built 204 
from groups of the OAs described above (see Figure 1). There are approximately 4-6 205 
OAs within each SOA, and they are designed to be consistent in population size. On 206 
average each SOA contains 1500 people (ONS, 2008c). The IMD is available in two 207 
forms. Firstly as a rank, which shows how an individual SOA compares to other SOAs 208 
in the country, and secondly as an absolute score (Noble et al., 2004).  209 
 210 
 211 
 212 
 213 
 214 
 215 
 216 
Figure 1. One SOA (a) and the same SOA built from five OAs (b). 217 
 218 
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2.2 Developing a methodology to investigate the socio-economic impacts of water 219 
management actions 220 
 221 
Two commonly used approaches that can be applied to evaluate the impact of 222 
environmental management actions are the “before-after” approach, and the “control-223 
impacted” approach (Osenberg and Schmitt, 1996). In a before-after approach the 224 
indicators, such as those related to socio-economic characteristics, are measured before 225 
and after the action of interest.  The before scenario is used as a control against which 226 
the effects of the after scenario are compared. However, the limited timescale over 227 
which suitable socio-economic data are currently available in the UK does not generally 228 
allow an analysis of an area before and after the implementation of many water 229 
management actions. Some datasets have only been collected over relatively short 230 
periods of time, for example data for the IMD that are comparable over time are 231 
available for 2004 and 2007 only. Other data, such as that derived from the Census, 232 
have been collected over much longer periods of time, but the data released from each 233 
individual Census are not currently comparable.  234 
 235 
Instead of comparing a set of indicators before and after an action, the control-impacted 236 
approach compares outcome indicators for an area within which an action has occurred, 237 
against outcome indicators in a control area without the action. Since the control-238 
impacted approach compares areas with and without the management action at a 239 
specific point in time, the socio-economic datasets available in the UK are suitable for 240 
this type of analysis. The analyses in this paper are therefore based on the control-241 
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impacted approach. This approach is a common field assessment approach, and is 242 
widely used in monitoring activities (Osenberg and Schmitt, 1996).  243 
 244 
2.2.1 Focus on river restoration schemes 245 
 246 
Water management potentially includes a wide range of actions and decisions affecting 247 
the water environment. At one extreme, implementation of international regulation, 248 
such as the WFD, can be envisaged. At the other end of the extreme, water management 249 
can include local actions such as introducing a fish pass to a weir to allow easier 250 
passage of fish along a river. The difference in character and spatial and temporal scale 251 
between different water management actions will have significant implications for how 252 
suitable different secondary data are for analysing socio-economic impacts of particular 253 
actions. A specific dataset that is suitable for analysing the impacts of one action may 254 
not be useful for analysing the impacts of a different action. This paper will focus on 255 
one common type of water management action, and develop and apply a methodology 256 
to analyse the resulting socio-economic impacts.  257 
 258 
The example that will be taken is river restoration, decisions about which are often 259 
taken at the regional or local level. River restoration is defined as return to a pre-260 
disturbed state (Cairn, 1991 as cited in Wharton and Gilvear, 2006). So defined, river 261 
restoration is often unachievable in many parts of Europe as rivers have been 262 
substantially altered over many centuries. However, since river restoration is the most 263 
common term for activities involving some form of re-naturalisation of the river it will 264 
be used in this paper. River restoration is taken here to include a broad suite of activities 265 
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taking place within a river or the associated floodplain, which seek to improve the 266 
environmental quality of the river. Such activities may include the introduction of 267 
secondary channels, fish passes on weirs, or the reconnection of rivers to their 268 
floodplains. The number of examples of river restoration schemes has increased 269 
substantially in the UK over the last ten years, and this increase is likely to continue into 270 
the future, not least because of the potential of river restoration to be employed as a 271 
management action to deliver the objectives of the WFD (England et al., 2007). 272 
 273 
River restoration is a particularly relevant water management action to analyse since the 274 
schemes often claim to deliver multiple gains, including social and economic benefits 275 
alongside environmental improvement (Tunstall et al., 2000). However, the evidence to 276 
support such claims has not yet been thoroughly tested. This is primarily the result of 277 
the lack of post-project monitoring and appraisal associated with many river restoration 278 
schemes (Bernhardt et al., 2005), a feature that is certainly true for socio-economic 279 
impact analyses (Purcell et al., 2002). One objective of the analysis described in this 280 
paper was to evaluate whether evidence could be derived from secondary datasets to test 281 
the claims that socio-economic benefits result from river restoration schemes.  282 
 283 
2.2.2 The Don as demonstration catchment 284 
 285 
The analysis of socio-economic impacts of river restoration reported in this paper is 286 
based on eleven restoration schemes and associated control sites in the Don catchment 287 
in the north of England (see Figure 2 and Table 2). The Don catchment covers an area 288 
of approximately 1700 km
2
 and has a diverse topography with the higher altitude, steep 289 
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valleys of the Peak District in the west contrasting with the low-lying floodplains in the 290 
east. Most of the catchment area is densely populated with a total population in the 291 
catchment of approximately 1.5 million people. The main rivers in the catchment are 292 
River Don (114.1 km), River Dearne (51.9 km) and River Rother (50.8 km) (EA, 2003).  293 
 294 
 295 
 296 
 297 
 298 
 299 
 300 
 301 
 302 
 303 
 304 
 305 
 306 
 307 
Figure 2. River restoration schemes in the Don Catchment. Note that the location of 308 
some sites is obscured by close proximity to others in Fig. 2. 309 
 310 
2.2.3 Selection of river restoration schemes 311 
Two approaches to selecting sites for analysing socio-economic impacts of river 312 
restoration schemes were considered. The first route was to include a smaller number of 313 
    Restoration sites 
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schemes that were very similar in character, whilst the second route was to include a 314 
larger number of schemes but covering a broader range of type of scheme. The latter 315 
route was chosen in this paper in order to include a representative sample of restoration 316 
schemes within the Don catchment. The eleven restoration schemes analysed in this 317 
paper cover a continuum from small scale projects, such as the introduction of a fish 318 
pass or remeandering of a stretch of the river, to larger scale wetland and nature reserve 319 
creation. However, the majority of the schemes analysed in this paper were carried out 320 
at the river reach scale, rather than at larger scales. It might be assumed that larger scale 321 
river restoration schemes such as a wetland creation could have a larger impact on 322 
socio-economic characteristics than smaller schemes. However, social impacts may still 323 
be expected even from schemes where the ‘physical’ modification to the river is 324 
relatively small (Tapsell, 1995). For example, the installation of a fish pass on a weir is 325 
designed to ‘restore’ a far larger area of the river than is affected by the physical 326 
structure itself. By enabling free passage of fish upstream and downstream, more 327 
extensive and sustainable fish populations are expected, which would add to the 328 
amenity value of the river. In addition, secondary effects such as increased bird and 329 
mammal life might be expected to follow, as these populations are often dependent on 330 
fish as an important food source. Such environmental improvements have been shown 331 
to be highly valued by local residents (e.g. Tunstall et al. 1999), and may result in social 332 
benefits being derived from relatively small river restoration schemes. The aim of this 333 
paper is not to compare socio-economic impacts between individual schemes of 334 
different size. Instead, a control-impacted approach is adopted, comparing an area 335 
where a river restoration scheme has been carried out to a control area. A brief 336 
description of each river restoration scheme is given in Table 2. 337 
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Table 2. Restoration Schemes in the Don catchment. 338 
 
River Restoration 
Scheme 
 
 
Description  
 
Year Completed 
1. River Skell 
 
 
A section of the river was meandered  to 
improve habitat diversity and aesthetic 
value
1
 
2000 
2. Broad Ings A straight river channel was re-meandered 
and connected to its old bends. Two lakes 
were also created as part of the scheme. 
The site is now an important wildlife area. 
2
 
1992 
3. Crimpsall Sluice A rock chute fish pass was created to 
replace the sluice that needed updating.  
The aim was to allow the movement of 
fish over the obstruction.
3
 
2000 
4. Little Houghton pond 
creation 
A new channel was created to link the 
backwater area to the main river to 
provide a spawning area for fish and to 
improve wildlife opportunities
4
 
1999 
5. The Old Moor A wetland was created on old industrial 
land and a stretch of the river was re-
meandered to increase the biodiversity 
value of the washland. Old Moor is now a 
Royal Society for the Protection of Birds 
(RSPB) nature reserve
5
 
2002 
6. River Dearne - Low 
flow channel 
To maximise the fishery and wider 
environmental potential of the river an 
extensive, sinuous, low-flow channel was 
created within a much wider flood 
channel. 
6
 
1997 
7. Sprotborough Flash 
Nature Reserve 
Created by mining subsidence in 1924 
and now managed by Yorkshire Wildlife 
Trust. The site includes a controlled 
washland. In 1997 the EA carried out 
works at the site to allow the water levels 
to be more sensitively managed.
7
 
1997 
8. River Rother, 
realignment – 
Orgreave 
 
The river was diverted and re-meandered 
through a new channel
8
 
1999 
                                                 
1
 The RRC (year unknown) “River Skell channel rehabilitation and education”.  Project: 200631  
2
 Firth C. (2007) Personal communication 
3
 The RRC (year unknown) “Crimpsall Rock Chute”. Project: 200567 
4
 The RRC (year unknown) “Little Houghton pond creation”.  Project: 200419 
5
 Carmichael et al. (2006) “Delivering regeneration through environmental improvement”. Environment 
Agency. Science Project Number: SC040051 
6
 The RRC (online). Creating a sinuous low flow channel in an over-widened river. Available from 
http://therrc.co.uk/pdf/manual/MAN_3_6.pdf  (accessed on 22 July 2008) 
7
 The Wildlife Trusts (2008) “RESPONSE FROM THE WILDLIFE TRUSTS”, The Wildlife Trusts No. 
207238. 
8
 The RRC (year unknown) “River Rother realignment – Orgreave”. Project: 200541 
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9. River Rother, rock  
chute – Orgreave 
 
 
Construction of a rock chute fish pass on 
a recently recovered section of the river to 
allow free passage of fish
9
 
 
1999 
10. River Rother rock 
weir and introducing 
fish stock 
A rock weir was created to increase the 
flow velocity to remove deposits of 
contaminated sediments. Fish was 
reintroduced to the river and after two 
years the population was reproducing.
10
 
1994 
11. Rother Valley 
Country Park 
Four lakes on old coal mining areas were 
created to increase recreation 
opportunities, provide habitats for plants 
and animals and to create a flood storage 
system.
11
 
1983 
 339 
 340 
2.2.4 Criteria for identifying control sites in a control-impacted analysis 341 
 342 
The control-impacted approach relies on the assumption that the only significant 343 
difference between the control and impacted site is the presence or absence of the river 344 
restoration activity. Hence, all other factors should be as similar as possible between the 345 
control and restoration sites (Kerr and Chung, 2001). Selecting suitable control sites is 346 
therefore crucial to a robust analysis. Note that the impacted sites described in this paper 347 
refer to river restoration sites, whilst the controls are sites without any restoration 348 
activity. 349 
 350 
In order to meet the assumption that, as far as possible, the only difference between the 351 
control and impacted sites was the presence or absence of the river restoration scheme, a 352 
number of criteria for selecting the control sites were applied in the analysis. Firstly, the 353 
control site needed to have a river flowing within it that had not been affected by a river 354 
                                                 
9
 The RRC (year unknown) “River Rother - Orgreave Rock Chute”. Project: 200566  
10
 Firth C. (2007) Interview, 19/7/2007, Doncaster. 
11
 Rotherham Metropolitan Borough Council (online). Available from  http://www.rothervalley.f9.co.uk/ 
(accessed on 8 July 2008) 
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restoration activity. The preferred situation was that the control site included the same 355 
river as the impacted site. Secondly, the control sites needed to be a sufficient distance 356 
from the river restoration site to ensure that any influence of the restoration activity was 357 
eliminated from the resident population within the control site. Research suggests that 358 
greenways and recreation areas are mostly visited by nearby residents, often less than 359 
two kilometres away (Gobster and Westphal, 1998). Hence, a distance of two 360 
kilometres from the restoration site was chosen as a reasonable distance beyond which 361 
direct impacts on the resident population due to the restoration activity were assumed to 362 
be minor. The rivers within the control site and the impacted site also needed to be the 363 
same or similar in terms of their General Quality Assessment (GQA) scores for biology, 364 
chemistry, nitrate and phosphate. In addition, River Quality Objectives (RQO), and 365 
whether these were complied with, were used to give the most complete check of the 366 
control-impacted pairs possible with regards to chemical and biological data. To avoid 367 
comparing rural and urban areas, the control site and the impacted site needed to have 368 
the same or similar urban-rural characteristics. The Rural and Urban Area Classification 369 
2004 was used to distinguish between rural, suburban and urban areas for this purpose. 370 
The classification is provided by the Office for National Statistics (ONS) and is based 371 
on differences in household density using clusters of postcode boundaries (Bibby and 372 
Shepherd, 2004). In addition, the broad physical characteristics of the river needed to be 373 
similar for the control site and the restoration site. For example, aerial photographs were 374 
used to visually ensure that comparisons were not made between large rivers and small 375 
streams. Finally, the closest site outside the two kilometre boundary that was able to 376 
fulfil all the criteria described above was chosen as the control. 377 
 378 
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2.2.5 Developing a methodology for comparing socio-economic indicators in control 379 
and impacted sites 380 
 381 
Analysing socio-economic impacts of river restoration schemes requires a boundary 382 
within which the socio-economic characteristics of the population, and the impacts on 383 
those characteristics due to the restoration activity, can be assessed. Even though the 384 
spatial resolution of the datasets used for the analysis is relatively high, they do not 385 
necessarily serve as a sufficient base for the analyses.  Figure 3 shows the location of a 386 
river and floodplain restoration activity that occurred in the Rother Valley Country Park 387 
near to Rotherham in the Don catchment, as well as the surrounding Super Output Area 388 
(SOA) boundaries. Simply using the SOA within which the restoration activity lies as a 389 
base for the analysis would give a potentially inaccurate result, by including residents 390 
who live a considerable distance (over 3 km) from the restoration activity. Conversely, 391 
residents living close to the site, more likely to be impacted by the improved water 392 
environment yet outside of the specific SOA, would be excluded in such approach. It is 393 
more appropriate to use distance from the restoration site to create a boundary for the 394 
analysis, rather than apply the spatial units at which the socio-economic data were 395 
originally released. A 1 km buffer was therefore created around each control and 396 
impacted site. The grid reference for each restoration scheme was used to create the 397 
centre point of the buffer. This assumes that the restoration scheme is a point, which is 398 
not true for all of the restoration sites. However, all restoration sites were kept as points 399 
in order to compare buffer areas that were uniform in size. 400 
 401 
 402 
 20 
 403 
 404 
 405 
 406 
 407 
 408 
 409 
 410 
 411 
 412 
 413 
 414 
 415 
 416 
 417 
 418 
 419 
 420 
 421 
 422 
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 424 
Figure 3. Example of restoration scheme (star) with a one kilometre buffer including 425 
multiple SOAs (black boundaries). 426 
 427 
In calculating the socio-economic characteristics of the area within the buffer, a 428 
weighting could be applied to each individual SOA based on the proportion of the area 429 
of the SOA that falls within the 1 km buffer. However, applying this type of simple area 430 
weighting assumes that the resident population is evenly distributed within the SOAs, 431 
which is rarely the case. To address this problem, the location of the residents must be 432 
taken into account in the analysis as far as possible. Therefore, the proportion of the 433 
SOA’s population, rather than the area of each SOA, inside of the buffer must be 434 
estimated. The proportion of the total SOA population within the buffer can then be 435 
used as a weight to apply to any socio-economic variable in the analysis. A 436 
methodology to obtain a more accurate estimate of the population within the SOA, by 437 
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using the population data that is available at OA level, was developed. Using the 438 
proportion of each OA within the buffer to estimate the SOA population within the 439 
buffer still assumes that the population is distributed evenly across the OA. This 440 
remains a simplification, but the error associated with the estimate of the population 441 
within the buffer, and therefore the weighting factor, is reduced substantially compared 442 
to using other approaches. The approach was applied to IMD total and IMD domain 443 
data that are available at SOA level. A similar weighting approach has been developed 444 
separately by Huby et al (2007) to calculate voter turnout percentage for SOAs. For the 445 
analyses based on Census data, a second weighting was not necessary since the data is 446 
already reported at OA level. Hence, the proportion of the OA area within the 1 km 447 
buffer was used as a weighting factor.  448 
 449 
Following Brunsdon et al. (2002), a weighted mean and weighted standard deviation 450 
value were calculated for each buffer based on the weighted scores for each individual 451 
SOA or OA within the buffer, using equations 1 and 2 below: 452 
 453 
                       



i
ii
w
xw
x                                                            (1) 454 
 455 
where x = weighted mean, wi = weight of the ith SOA or OA within the buffer, xi = the 456 
score of the ith SOA or the OA within the buffer 457 
 458 
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where sdw = weighted standard deviation, all other terms are as defined for equation 1. 461 
 462 
The data were tested to ensure that they met the assumption of normal distributions 463 
using the Sharipo-Wilks test. The results of these analyses indicated that none of the 464 
data had distributions that were significantly different to the normal distribution at p = 465 
0.05. Paired t-tests were then used to establish whether differences between the control 466 
and impacted sites were statistically significant. 467 
 468 
The methodology described above uses data and cases from England as an example. 469 
However, the methodology is potentially transferable to other areas where socio-470 
economic data at similar temporal and spatial scales are available. 471 
 472 
 473 
3. Results 474 
 475 
The datasets used in this paper allow us to examine the socio-economic impacts of river 476 
restoration using data at index level, domain level and variable level. The IMD provides 477 
a total deprivation score as well as a score for each individual domain. The OAC allows 478 
analysis of socio-economic impacts at individual variable level. This index-to-variable 479 
hierarchy maximises the potential to gain insight into the responses of complex socio-480 
economic systems to river restoration, responses that may be hidden if only one 481 
hierarchal level of data is used.  482 
 483 
3.1 Results of analyses at index level 484 
 23 
 485 
For the analysis based on the IMD, the deprivation score rather than rank was used. The 486 
score provides an absolute measure of the state of individual SOAs rather than a relative 487 
measure as provided by the rank, and is suitable for the calculation of weighted means 488 
that are used in this analysis. Figure 4 illustrates the total deprivation score based on 489 
2007 IMD data for the control and impacted sites. The scale on both axes shows the 490 
deprivation score, which is based on a range from 0-100, where 100 represents the most 491 
deprived score. The 1:1 line represents the situation under which the control and 492 
impacted sites have identical deprivation scores. Data points above the 1:1 line indicate 493 
that a control site is more deprived than the associated impacted site. The total 494 
deprivation scores across all eleven control and impacted sites suggest that in eight of 495 
eleven cases the control sites were more deprived than the impacted sites. These 496 
differences were statistically significant at p = 0.05. A similar pattern was seen for total 497 
deprivation scores based on 2004 IMD data, where seven of the eleven control sites 498 
were more deprived than the impacted sites. These differences were also statistically 499 
significant at p = 0.05. 500 
 501 
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Figure 4. Total IMD score for 2007 for control and impacted sites. 502 
 503 
3.2 Results of analyses at domain level 504 
 505 
In addition to the total IMD, it is also possible to compare deprivation between the 506 
control and impacted sites using individual deprivation domains. Considering only the 507 
total score runs the risk of masking potentially important patterns of variability in 508 
deprivation at the level of individual domains. The data at domain level are based on the 509 
seven domains of deprivation described in Table 1. For each of these domains, higher 510 
scores are associated with more deprived SOAs. However, data for the individual 511 
domains are not provided on a standardised scale and they have different minimum and 512 
maximum values and ranges, making it impossible to directly compare deprivation 513 
across different domains for an individual SOA. Despite this, the domain level data 514 
allow for a more sophisticated analysis of different types of deprivation, particularly for 515 
comparison of individual domains across different SOAs (Noble et al., 2004).  516 
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 517 
Table 3 summarises the results of the domain-level analyses. The average value of C:I 518 
in Table 3 indicates the direction of the difference between the control and impacted 519 
pairs, considering all eleven sites together. Values exceeding one indicate that the 520 
control sites were more deprived than the impacted sites. Four of the seven domains 521 
show the same pattern as described above for the total IMD score, with impacted sites 522 
being less deprived that their associated control sites. For three of these four domains, 523 
namely Income, Employment and Education, these differences were also significant at p 524 
= 0.05. The same statistically significant patterns were also observed for these three 525 
domains when analysing IMD data from 2004. The four domains that showed impacted 526 
sites to be less deprived that their controls were also the domains receiving the highest 527 
weighting in the calculation of the total IMD data (Table 1), explaining why impacted 528 
sites were significantly less deprived than their associated controls in terms of total 529 
deprivation scores. Note that some of the average C:I values in Table 3 are relatively 530 
large, but the results of the t-tests indicate that the differences are not significant. This 531 
suggests that some individual C:I pairs differed substantially in their domain scores, but 532 
that consistent differences were not present for all eleven pairs. Similar patterns 533 
emerged from the analyses at variable level (see below). 534 
 535 
 536 
 537 
 538 
 539 
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Table 3. Deprivation domains indicating the direction of any differences between 540 
control and impacted sites (C:I), and significance at p¼0.05 (*¼ significant at p¼ 0.05, 541 
NS ¼not significant). 542 
Domain  Significance C:R 
Income deprivation Domain * 1.38 
Employment deprivation Domain * 1.27 
Education, skills and training deprivation Domain * 1.44 
Health deprivation and disability Domain NS 2.09 
Barriers to Housing and Services Domain NS 0.93 
The Living Environment deprivation Domain NS 1.04 
Crime Domain NS 0.89 
 543 
 544 
3.3 Results of analyses at variable level 545 
 546 
The choice of socio-economic variables included in the analysis in this paper is based 547 
on the list of variables identified in the original OAC (see Vickers et al., 2005). The 548 
OAC is different from the IMD in that it is based on a nominal rather than an ordinal 549 
scale, but it can be used to explore socio-economic differences and inequalities between 550 
the control and impacted sites. The chosen subset of the original OAC variables that 551 
was believed to be the most relevant for analysing socio-economic impacts of river 552 
restoration schemes, and the outcomes of the analyses, are summarised in Table 4.  553 
 554 
 555 
 556 
 557 
 558 
 559 
 27 
Table 4. Census variables indicating the direction of differences between control and 560 
impacted sites (C:I), and significance at p¼ 0.05 (* ¼ significant, NS ¼not 561 
significant). 562 
Variable  Significance C:R 
 
Demographic variables 
  
Resident population aged 0-18 (%) * 1.19 
Resident population aged 19-64 (%) NS 0.98 
Resident population aged 65+ (%) * 0.92 
 
Household Composition variables 
  
Residents 16+ not living in a couple and are separated/divorced (%) * 1.16 
Households with one person who is not a pensioner (%) NS 1.06 
Households which are single pensioner households (%) NS 0.99 
Lone parent households with dependent children (%) * 1.79 
Cohabiting or married couple households with no children (%) * 0.93 
Households comprising one family with non-dependent children (%) NS 0.98 
 
Housing variables 
  
Households resident in public sector rented accommodation (%) NS 4.24 
Households resident in private/other rented accommodation (%) NS 1.32 
All household spaces which are terraced (%) NS 2.39 
All household spaces which are detached (%) * 0.82 
Household spaces which are flats (%) NS 5.16 
Occupied household spaces without central heating (%) NS 2.23 
Average house size (rooms per household)  NS 0.99 
Average number of people per room * 1.08 
 
Socio-Economic variables 
  
People aged between 16-74 with higher education qualification (%) NS 0.89 
People aged between 16-74 in routine or semi-routine jobs (%) NS 1.13 
Households with 2 or more cars (%) NS 0.90 
People who reported suffering from a limiting long term illness (%) NS 1.02 
 
Employment variables 
  
People aged 16-74 who are students (%) NS 1.10 
Economically active people aged 16-74 unemployed (%) NS 1.42 
Economically active people aged 16-74 working part time (%) NS 1.01 
 563 
 564 
 565 
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The demographic variables were included because they potentially explain differences 566 
in other variables. For example households with no dependent children are more likely 567 
in areas where the percentage of the population aged 65 or over is high. The results of 568 
the analyses suggest that the age structure of the resident population differs slightly 569 
between the impacted sites and their associated control sites. The control sites had a 570 
higher percentage of the population aged 0-18, while the impacted sites had a higher 571 
percentage of the population aged 65 or over. However, significant differences were 572 
only observed for 5 of the 21 non-demographic OAC variables. For these 5 variables 573 
there was no consistent direction of difference, for three of the variables control sites 574 
had higher percentages than impacted sites, whilst for the remaining two variables this 575 
pattern was reversed. 576 
 577 
3.4 Variability of socio-economic characteristics within impacted and control sites 578 
 579 
Statistically significant differences were observed between impacted sites and their 580 
associated control sites at index, domain and variable levels. However, in analysing 581 
only the weighted mean data there is no consideration of the variability of socio-582 
economic characteristics within the individual control and impacted buffers. The 583 
methodology developed in this paper also allows examination of this variability. Each 584 
individual buffer includes multiple geographical units (SOAs or OAs). Despite the fact 585 
that these spatial units are relatively close to each other, they can still differ 586 
substantially in socio-economic characteristics. To represent this variability, a weighted 587 
standard deviation was calculated for each 1 km buffer for every dataset. Figure 4 588 
showed that a majority of the impacted sites were less deprived than their associated 589 
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control sites in terms of their weighted mean total IMD score for 2007. In addition a 590 
paired t-test confirmed that these differences were statistically significant. Figure 5 591 
shows the same total IMD dataset as Figure 4, but here one weighted standard deviation 592 
is displayed in addition to the weighted mean data. It is clear that the variability of the 593 
IMD total score within any individual buffer is relatively large. Similar observations 594 
were made for all other datasets analysed in this work. These findings suggest that 595 
whilst average differences may exist between control and impacted sites, there remains 596 
substantial variability in socio-economic characteristics even within the relatively small 597 
buffers used in this work. This indicates that any interpretation of the mean differences 598 
should be made with some care.   599 
 600 
Figure 5. Total IMD score for 2007 for control and impacted sites with variability 601 
shown as ± one weighted standard deviation. 602 
 603 
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4. Discussion 605 
 606 
River restoration schemes are often referred to as having the potential to generate 607 
multiple benefits, including social and economic gains alongside environmental 608 
improvement (see Tapsell, 1995; Tunstall et. al, 2000; EA, 2006; Gobster et al., 2007). 609 
However, evidence to support the claims of multiple benefits is largely lacking. The 610 
methodology and subsequent analyses presented in this paper provide one of the first 611 
attempts to examine the impacts of river restoration activities using a broad range of 612 
indicators relating to the socio-economic characteristics of the resident population. The 613 
results have shown that significant differences exist between paired control and 614 
impacted sites for a range of indicators at index, domain and variable level. For the 615 
significant differences observed in IMD, control sites were more deprived than the 616 
impacted sites, both for total deprivation and individual domains. For the nominal 617 
variables based on Census data it is not possible to identify if an area is ‘better’ or 618 
‘worse’ in terms of socio-economic characteristics. However, they do give an indication 619 
of differences in socio-economic characteristics between control and impacted sites. 620 
The analyses of these Census variables indicate that some significant differences occur. 621 
However, there is no consistent direction of difference between restoration and control 622 
sites, and the majority of the variables do not show significant differences. In summary, 623 
the analyses in this paper highlight significant differences between control and impacted 624 
sites for a number of variables. However, conclusive evidence to support the claim that 625 
river restoration schemes result in significant impacts across all the variables analysed 626 
in this paper was not found.  627 
 628 
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The ‘mechanisms’ responsible for the significant differences that were observed are 629 
potentially related to perceptions about the attractiveness of the local environment. 630 
These perceptions have been shown to be an important factor causing in-migration and 631 
socio-economic change within an area (e.g. Smith and Phillips, 2001). For example, 632 
according to Carter (2001) the environment and quality of life issues are highly 633 
prioritised by what he refers to as a ‘new middle class’. Therefore improvements in the 634 
local water environment brought about by river restoration may be particularly 635 
attractive to these sectors of society, resulting in their relocation to areas in close 636 
proximity to restoration schemes, and as a consequence generating shifts in the socio-637 
economic characteristics of the impacted areas. However, to assess these mechanisms 638 
fully would require analyses at a different level, using techniques such as 639 
questionnaires, focus groups or in-depth interviews with individuals.  This paper 640 
focuses on the development of a methodology to explore socio-economic impacts of 641 
water management activities using secondary data. Analyses of primary data, such as 642 
from interviews, and of how secondary and primary data could be combined, are 643 
beyond the scope of this paper, but should be the subject of future research.  644 
 645 
Secondary datasets are powerful in that they allow for meta-analyses, covering a large 646 
number of examples of any particular water management action, and cover a broad 647 
range of socio-economic components. Despite this potential, such analyses are rare in 648 
the water management context. Socio-economic analyses have been included in 649 
decision-support systems for flood risk management (see Haynes et al., 2008), which 650 
often include an element of river restoration, but specific research covering the socio-651 
economic impacts of improved water environments is currently lacking. One study in 652 
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the UK analysed the social distribution of river water quality in England and Wales. The 653 
analyses concluded that rivers were less natural and had poorer chemical water quality 654 
in more deprived areas, but that there was apparently no relationship between aesthetics 655 
and deprivation (EA 2002). There are however examples from other environmental 656 
research where secondary data has been used to analyse change. Huby et al. (2006) 657 
explored associations between socio-economic components and biodiversity in rural 658 
England. According to their results, inclusion of socio-economic variables provides 659 
better understanding of the distribution of biodiversity. Socio-economic datasets have 660 
also been used to establish associations between the percentage of greenspace in a local 661 
area and health. Based on Census and IMD data, Mitchell and Popham (2007) 662 
concluded that the percentage of greenspace is associated with better health of the 663 
resident population, but that this also depends on the degree of urbanity and level of 664 
income deprivation.  665 
 666 
The results of the analyses carried out in this paper support the findings of previous 667 
work that have begun to show potentially important relationships between socio-668 
economic variables and the state of the environment. An increasing body of evidence 669 
suggests that an improved natural environment can result in changes in socio-economic 670 
characteristics (Smith and Phillips, 2001; Paguette and Domon, 2003; Sieg et al., 2004; 671 
Banzhaf and Walsh, 2008). Such evidence, in combination with increased 672 
understanding about the relationships between improved water environments and socio-673 
economic change, could provide a catalyst to encourage future improvements of rivers 674 
and other watercourses, both for the environment and for people living close to them. 675 
Secondary data has the potential to play an important role in demonstrating theses links 676 
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between water environments and socio-economic impacts. However, for this to be 677 
successful, further developments in the way in which these data are collected, analysed 678 
and reported are crucial. These issues are dealt with later in the paper. 679 
 680 
Not all socio-economic components analysed in this paper showed significant 681 
differences between control and impacted sites. This pattern of some significant and 682 
some non-significant differences may reflect the ‘true’ effects of river restoration, in 683 
that such schemes only have an impact on certain socio-economic components. 684 
Alternatively, using secondary data as a base for analysis of socio-economic impacts 685 
might introduce constraints that limit the degree to which significant impacts can be 686 
detected. Any limitations could be particularly significant given the fact that social and 687 
indirect economic benefits generated from river restoration schemes are often difficult 688 
to identify (Findlay and Taylor, 2006). In light of this, some key limitations of the 689 
approach used in this paper, based on the data currently available for analysis in the UK, 690 
are addressed below.  691 
 692 
4.1 Key limitations in the analysis of socio-economic impacts of river restoration 693 
schemes 694 
 695 
The first limitation relates to data availability and the consequences for the sampling 696 
design used in this paper. Since the socio-economic datasets in the UK are only 697 
available for a limited number of dates, the temporal coverage and resolution do not 698 
allow the tracking of changes through time that could potentially have occurred due to 699 
river restoration schemes. This means that significant differences between the control 700 
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sites and the impacted sites might have already been present before the restoration 701 
activity took place, and therefore not caused by the restoration scheme itself. Instead, 702 
the differences in socio-economic and demographic characteristics could be drivers 703 
behind the restoration activity, rather than reflecting responses to it. However, for this to 704 
be true two conditions must be met. Firstly, factors not related to the river restoration 705 
schemes must be responsible for the differences between control and impacted sites. A 706 
wide range of factors, such as employment opportunities, the standard of new or 707 
existing schools, or other macro-economic conditions, could be responsible for these 708 
differences. Such ‘external’ causal factors influencing the result is an issue faced in any 709 
place-based control-impacted design. Minimising this issue, and maximising confidence 710 
that any significant differences are associated with the river restoration activity, is 711 
dependent on using as robust criteria as possible to identify control-impacted pairs. The 712 
criteria used in the analysis, as described in the methodology, create what is believed to 713 
be a robust control-impacted sampling design. The second condition that must be met is 714 
that river restoration schemes must then occur in areas with ‘better’ existing socio-715 
economic characteristics compared to the control sites, not only by chance but because 716 
of a specific reason. There is no evidence to suggest that this occurs, and since river 717 
restoration activities often follow an opportunistic approach rather than a targeted, 718 
strategic approach (Skinner and Bruce-Burgess 2005; Bernhardt et al., 2005), it is 719 
believed to be unlikely. Despite the fact that certain socio-economic characteristics such 720 
as demographics are believed to be related to pro-environmental behaviour (Carter, 721 
2001; Kahn, 2002), it is not likely that the driving force behind the river restoration 722 
schemes analysed in this paper were determined by social factors. The vast majority of 723 
the restoration schemes included in this paper were funded and implemented by the 724 
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Environment Agency. The objectives of these schemes were almost exclusively 725 
environmental, and showed little sign of being driven by any public concern or desire.   726 
 727 
A combination of the before-after approach and the control-impacted approach would 728 
potentially have provided a more robust sampling design, resulting in greater 729 
confidence in the inference that river restoration was associated with significant 730 
differences in socio-economic characteristics between control and impacted sites. Since 731 
this combined approach allows analysis before and after any given action, it is likely to 732 
be more effective in removing other potential causal factors driving differences between 733 
the control and impacted sites. One method often used to determine environmental 734 
impacts from a given action that combines the two approaches is the before-after 735 
control-impact or BACI approach (McDonald et al., 2000). It is however important to 736 
bear in mind that the BACI approach is not without limitations; it has been criticised in 737 
particular for relying on the use of single control and impacted sites (McDonald et al., 738 
2000). Using several controls per case has the potential to generate more reliable results, 739 
but this assumes that multiple, robust control sites can be identified. Given the stringent 740 
criteria used in the selection of control sites in the analysis carried out in this paper, it 741 
would be a significant challenge to identify further sets of control sites for each 742 
impacted site that fulfil the criteria. It is believed that one robust control site rather than 743 
a number of weaker controls will result in a higher quality analysis, and as a 744 
consequence give a more accurate picture of the socio-economic impacts of water 745 
management actions. Fundamentally however, the availability of data in the UK at 746 
present cannot support a BACI design, although this situation may change in the future 747 
with increased data availability, as discussed below. 748 
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 749 
The limited temporal coverage and resolution of the secondary socio-economic data is 750 
also potentially important when considering the fact that different river restoration 751 
schemes were completed at different lengths of time before the collection of the 752 
secondary data used in the analyses. This could be important if the differences between 753 
the control and impacted sites were expected to change through time, or if different 754 
areas within which individual restorations have occurred were expected to respond at 755 
different rates. If data were available at a high temporal resolution then both of these 756 
issues could be addressed. Nevertheless, based on analyses of data used in this paper, 757 
there was no indication that time since completion of the restoration activity was related 758 
to the magnitude of the difference between a control and impacted site.  759 
 760 
The second key limitation refers to scale of the river restoration activities analysed in 761 
this paper. The restoration schemes generally involve site specific activities covering a 762 
relatively small physical area, although the schemes used in the analyses span the 763 
typical range of river restoration activities occurring in the UK (see Table 2). The socio-764 
economic data used to construct the IMD and the OAC represent population-level 765 
characteristics that can be affected both by local and by larger-scale factors. The fact 766 
that a number of the variables analysed in this paper did not show significant 767 
differences between control and impacted sites suggests that they may not be affected 768 
by the scale of river restoration schemes examined in this paper. Such variables may 769 
require larger-scale interventions, such as extensive urban redevelopment schemes to 770 
generate significant changes in their spatial distribution (Vickers et al., 2005).  771 
 772 
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4.2 Opportunities for using secondary data to explore socio-economic impacts of 773 
water management actions 774 
 775 
Despite the above limitations there are also emerging opportunities to use secondary 776 
data to explore the socio-economic impacts of water management actions such as river 777 
restoration. Most limitations are caused by current data availability, and the 778 
consequences for the choice of methods that can be applied in the analyses. At present 779 
Census data from different years are not comparable, but this is likely to change in the 780 
near future. For the 2001 Census data, new geographies (OAs and SOAs) were 781 
introduced. The OAs were created as a real ‘statistical geography’ rather than being 782 
based on administrative boundaries that are often subject to re-organisation. Despite 783 
difficulties in keeping the same statistical boundaries through time due to changing 784 
population characteristics, there is a growing emphasis on publishing data using stable 785 
geographies. However, the introduction of these new geographies makes comparison of 786 
2001 data with previous Census years difficult. Hence, the potential to re-release 787 
previous Census data, that would support time series analyses at the new geographies, is 788 
being explored (ONS, 2005). If past and future data were released at stable output 789 
geographies, a more sophisticated BACI approach could be applied to explore socio-790 
economic impacts of river restoration activities. This could result in more certain 791 
conclusions regarding the magnitude and causes of differences between areas with a 792 
restoration action and areas without such an action. In addition, data collected over time 793 
would make it possible to explore whether delayed impacts occur some time after the 794 
implementation of an activity. Looking at data from one point in time does not allow 795 
this type of trend analysis, an approach which is often important when trying to 796 
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establish impacts from improvements in the water environment. Comparable indices of 797 
deprivation that will become available in the future will, like Census data, increase the 798 
potential for exploring socio-economic impacts of water management actions.  799 
 800 
The likely evolution of river restoration itself also suggests that the socio-economic data 801 
analysed in this paper could become increasingly important. To meet the demands of 802 
flood mitigation and for the achievement of objectives under the WFD, which are 803 
believed to be two key drivers for the future of river restoration, the schemes must move 804 
away from a focus on isolated river stretches and evolve into larger scale, more holistic 805 
restoration approaches (Skinner and Bruce-Burgess, 2005; Wharton and Gilvear, 2006). 806 
Any resulting socio-economic benefits at these larger scales are more likely to be 807 
reflected in the socio-economic indices, domains and variables reviewed in this paper. 808 
These indices, domains and variables are therefore likely to become increasingly 809 
important decision variables at these scales.  810 
 811 
Future analysis of the socio-economic impacts of the full range of water management 812 
actions should also have important implications for associated decision making 813 
processes. If there is clear evidence of socio-economic impacts due to improvements in 814 
the water environment, this evidence could be used in a strategic approach in order to 815 
target where the benefits from specific actions, such as river restoration schemes, 816 
accrued. Hence a strategic approach, including clearly stated objectives, monitoring and 817 
project appraisals, to prioritise schemes generating real improvements is crucial. 818 
However, the decision making process behind river restoration schemes, certainly in the 819 
UK, is currently far from strategic (Skinner and Bruce-Burgess, 2005). Despite 820 
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increasing numbers of river restoration schemes, most are still undertaken on an 821 
opportunistic basis when new funding and land availability possibilities arise, rather 822 
than being strategically planned. In addition, the decision to restore a stretch of a river is 823 
often driven by priorities other than the restoration itself, for example river restoration 824 
schemes are often undertaken as part of a larger flood mitigation or development 825 
scheme. Consequently, little planning for monitoring and  post-project appraisal is 826 
invested in the river restoration scheme itself, making it difficult to provide the evidence 827 
base needed to justify a strategic approach (Skinner and Bruce-Burgess, 2005). Similar 828 
observations have been made in the USA, where the vast majority of river restoration 829 
schemes are carried out without stated objectives or any form of assessment or 830 
monitoring afterwards (Bernhardt et al., 2005). A strategic approach towards river 831 
restoration would not only help to maximise environmental and socio-economic 832 
benefits, but would also contribute to the monitoring requirements stated in Annex V of 833 
the WFD.  834 
 835 
Skinner and Bruce-Burgess (2005) suggest a framework for such a strategic approach, 836 
and highlight the importance of considering the restoration scheme as part of a larger 837 
catchment rather than the river reach in isolation. According to these authors, a strategic 838 
basis for river restoration must include baseline data, objectives, method, installation, 839 
monitoring, post-project appraisal, maintenance and dissemination. Their framework is 840 
however from a strictly ecological perspective, but could be extended to include social 841 
and economic components related to the water environment. If environmental, social 842 
and economic components were combined in a strategic framework as a base for river 843 
restoration schemes and other water management actions, such a framework would be 844 
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better able to capture the full range of benefits resulting from investment in the 845 
schemes. In turn this would support more accurate assessments of management options, 846 
leading to more robust decisions. However, for secondary socio-economic data to form 847 
a base for such strategic approaches they must be comparable over time and collected 848 
and released at a more frequent basis than they are at the moment in the UK. Ideally, 849 
data would be collected and released annually, covering the full range of indicators 850 
included in this paper.  851 
 852 
Finally, policy- and decision-makers must better recognise the range of relevant values 853 
that may be affected as a consequence of water management actions. Current 854 
understanding of human values and the way to incorporate them in the decision making 855 
process is limited (Lockwood, 1999), although different integrated frameworks 856 
combining different types of values have been suggested to address this problem (see 857 
for example Lockwood, 1999; Morton and Padgitt, 2005; Gobster et al., 2007).The 858 
development of similar frameworks, able to integrate secondary data, such as IMD and 859 
Census data, with primary data, for example from interviews or questionnaires, is a 860 
pressing challenge, although it is outside the scope of this paper. Nevertheless, the 861 
importance of adopting a range of methods and data to fully understand the complex 862 
interaction between the water environment and human society should be fully 863 
recognised.  864 
 865 
 866 
5. Conclusions 867 
 868 
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This paper describes an early attempt to develop a methodology and subsequently 869 
analyse the socio-economic impacts of river restoration schemes for an extensive 870 
resident population across a wide range of variables. The results show that significant 871 
differences exist between control and impacted areas for a range of socio-economic 872 
variables. Due primarily to limitations in the data currently availability, and 873 
consequently the scope of the analyses, and because of the typical scale of river 874 
restoration schemes, there are limitations in the extent to which socio-economic impacts 875 
of river restoration schemes can be detected. However, new datasets which allow 876 
comparisons through time are likely to be available in the near future. In addition, larger 877 
scale and more holistic water management actions are also likely to be carried out more 878 
frequently. These factors have the potential to increase the ability to explore 879 
associations between improvements in the water environment and socio-economic 880 
benefits using the secondary datasets examined in this paper.  881 
 882 
Although significant differences were observed between some control and impacted 883 
sites, drawing conclusions about the causal relationships between river restoration and 884 
impacts on socio-economic components remains challenging. However, there are a 885 
number of mechanisms that could potentially drive associations between the nature of a 886 
local water environment and the socio-economic characteristics of the surrounding 887 
resident population. To explore these mechanisms more fully requires qualitative 888 
approaches to provide in-depth information on the relationships between people and 889 
their local environment. Ideally, information from both qualitative and quantitative 890 
approaches would be integrated into a single framework to examine the socio-economic 891 
impacts of water management actions. This framework should support a move away 892 
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from opportunistic and towards strategic approaches to water policy formulation and 893 
implementation. Only when such strategic approaches are used to target socio-economic 894 
impacts during the design of water management actions, and to measure the impacts by 895 
evaluating the actions, will the aspiration for the integration of different sustainability 896 
objectives be achieved. 897 
 898 
 899 
6. Acknowledgements 900 
Funding for ELW’s position in the Catchment Science Centre was provided as part of 901 
the Marie Curie Early Stage Training programme ‘CatSci’ funded by the European 902 
Commission (Marie Curie 021149-2). Ben Surridge and Bob Harris provided valuable 903 
input throughout the development of this research. Alice Owen and Sally German at 904 
Arup are acknowledged for their input to preliminary discussions. Finally, the authors 905 
would like to thank two anonymous reviewers for valuable comments and suggestions. 906 
907 
 43 
7. References 908 
 909 
Banzhaf, S.H., Walsh, R.P., 2008. Do People Vote with Their Feet? An Empirical Test of Tiebout’s 910 
Mechanism. American Economic Review, 98:3, 843-863. 911 
 912 
Bernhardt, E.S. et al., 2005. Synthesizing U.S. River Restoration Efforts. Policy Forum Ecology, 913 
SCIENCE Vol 308. Published by AAAS. 914 
 915 
Bibby, P., Shepherd, J., 2004. Developing a new classification of urban and rural areas for policy 916 
purposes – the methodology. London: DEFRA.  917 
 918 
Brunsdon, C., Fotheringham A.S., Charlton, M., 2002. Geographically weighted summary statistics – 919 
a framework for localised exploratory data analysis. Computers, Environment and Urban Systems 26 920 
501-524. 921 
 922 
Carter, N., 2001. The Politics of the Environment – Ideas, Activism, Policy. Cambridge University 923 
Press. 924 
 925 
EA, 2002. The urban environment in England and Wales – a detailed assessment. Bristol, 926 
Environment Agency.  927 
 928 
EA, 2003. The Don and Rother Catchment Abstraction Management Strategy. Environment Agency, 929 
Rivers House, 21 Park Square South, Leeds, LS1 2QG. 930 
 931 
EA, 2006. Delivering regeneration through environmental improvement. Environment Agency, 932 
Bristol. Science Report: SC040051/SR. 933 
 934 
 44 
EC, 2000. DIRECTIVE 2000/60/EC OF THE EUROPEAN PARLIAMENT AND OF THE 935 
COUNCIL - establishing a framework for Community action in the field of water policy. Journal of 936 
the European Communities. L 327/1.  937 
 938 
Eden, S., Tunstall, S., 2006. Ecological versus social restoration? How urban river restoration 939 
challenges but also fails to challenge science – policy nexus in the United Kingdom. Environment 940 
and Planning C: Government and Policy 2006, volume 24, pages 661-680. 941 
 942 
England, J., Skinner, K.S, Carter, M.G., 2007.  Monitoring, river restoration and the Water 943 
Framework Directive. Water and Environment Journal. 944 
 945 
Findlay, S.J., Taylor M.P., 2006. Why rehabilitate urban river systems? Area 38.3, 312-325. 946 
 947 
Galaz, V., 2007. Water governance, resilience and global environmental change – a reassessment of 948 
integrated water resource management (IWRM). Water Science and Technology. Vol. 56, No. 4, pp. 949 
1-9. 950 
 951 
Gobster, P.H., Westphal, L.M., 1998. People and the River: Perception and Use of Chicago 952 
Waterways for Recreation. (Chicago Rivers Demonstration Project Report, 192 p.) Milwaukee, WI: 953 
U.S. Department of the Interior, National Park Service, Rivers, Trails, and Conservation Assistance 954 
Program. 955 
 956 
Gobster,  P.H., Westphal L.M., 2004. The human dimensions of urban greenways: planning for 957 
recreation and related experiences. Landscape and Urban Planning 68 (2004) 147–165. 958 
 959 
Gobster, P.H. et al., 2007. The shared landscape: what does aestethics have to do with ecology? 960 
Landscape Ecol 22:959–972. 961 
 962 
 45 
Habron, G.B.,  Kaplowitz, M.D., Levine R.L., 2004. A Soft Systems Approach to Watershed 963 
Management: A Road Salt Case Study. Environmental Management Vol. 33, No. 6, pp. 776-787. 964 
 965 
Haynes, H., Haynes, R., Pender, G., 2008. Integrating socio-economic analysis into decision-support 966 
methodology for flood risk management at the development scale (Scotland). Water and 967 
Environment Journal 22 (2008) 117-124. 968 
 969 
Hooper, B.P., 2003. Integrated Water Resource Management and River Basin Governance. 970 
Universities Council on Water Resources, water resource update, Issue 126, PAGES 12-20, 971 
NOVEMBER 2003. 972 
 973 
Huby, M. et al., 2006. The association of Natural, Social and Economic Factors with Bird Species 974 
Richness in Rural England. Journal of Agricultural Economics, Vol. 57, No. 2, 2006, 295-312. 975 
 976 
Huby, M., Owen, A., Cinderby, S., 2007. Reconciling socio-economic and environmental data in a 977 
GIS context: An example from rural England. Applied Geography 27: 1-13. 978 
 979 
Jungwirth, M., Muhar, S., Schmutz, S., 2002. Re-establishing and assessing ecological integrity in 980 
riverine landscapes. Freshwater Biology (2002) 47, 867–887. 981 
 982 
Kerr, J., Chung, K., 2001. Evaluation watershed management projects. Capri working paper no. 17. 983 
International Food Policy Research Institute (IFPRI).  984 
 985 
Lazo, J. et al., 1999. Expert and lay mental models of ecosystems: interference for risk 986 
communication. Risk: Health, Safety, and the Environment 45:45-64. 987 
 988 
Lockwood, M., 1999. Humans Valuing Nature: Synthesising Insights from Philosophy, Psychology 989 
and Economics. Environmental Values 8:381-401. The White hourse Press, Cambridge, UK. 990 
 991 
 46 
Meyer, J.L., 1997. Stream Health: Incorporating the Human Dimension to Advance Stream Ecology. 992 
Journal of the North American Benthological Society, Vol. 16, No. 2, New Concepts in Stream 993 
Ecology: Proceedings of a Symposium (Jun., 1997), pp. 439-447. 994 
 995 
McDonald, T.L., Erickson, W.P., McDonald, L.L., 2000. Analysis of Count Data From Before-After 996 
Control-Impact Studies. American Statistical Association and the International Biometric Society 997 
Journal of Agricultural, Biological, and Environmental Statistics, Volume 5, Number 3, Pages 262-998 
279. 999 
 1000 
Mitchell, R., Popham, F., 2007. Greenspace, urbanity and health: relationships in England. J. 1001 
Epidemiol. Community Health 61:681-683. 1002 
 1003 
Morton, L.W.; Padgitt, S., 2005. Selecting socio-economic metrics for watershed management. 1004 
Environmental Monitoring and Assessment (2005) 103: 83-98 DOI: 10.1007/s10661-005-6855-z. 1005 
 1006 
Noble, M. et al., 2004. The English Indices of Deprivation (revised). Office of the Deputy Prime 1007 
Minister. 1008 
 1009 
ONS, 2008a. What is a census? Available at: 16/08-2009 1010 
http://www.ons.gov.uk/census/what-is-a-census/index.html 1011 
 1012 
ONS, 2008b. Census Geography. Available at: 16/08-2009 1013 
http://www.statistics.gov.uk/geography/census_geog.asp#oa 1014 
 1015 
ONS, 2008c. Super Output Areas (SOAs) Available at: 16/08-2009 1016 
http://www.statistics.gov.uk/geography/soa.asp 1017 
 1018 
ONS, 2005. 2011 Census – Small Area Outputs Geography Policy. Advisory group paper AG (05) 1019 
09. 1020 
 47 
 1021 
Osenberg, C.W., Schmitt R.J., 1996. Detecting ecological impacts caused by human activities. Pages 1022 
3-16 in C. W. Osenberg and R. J. Schmitt, editors. Detecting ecological impacts; concepts and 1023 
applications in coastal habitats. Academic Press, San Diego, California, USA. 1024 
 1025 
Pahl-Wostl, C., 2007. The Implications of complexity for integrated resource management. 1026 
Environmental Modelling and Software 22 (2007) 561-569. 1027 
 1028 
Paquette, S., Domon, G., 2003. Changing ruralities, changing landscapes: exploring social 1029 
recomposition using a multi-scale approach. Journal of Rural Studies 19, 425-444. 1030 
 1031 
Purcell, A.H., Friedrich, C., Resh, V.H., 2002. An Assessment of a Small Urban Stream Restoration 1032 
Project in Northern California. Restoration Ecology Vol. 10 No. 4, pp. 685-694. 1033 
 1034 
Sieg, H. et al., 2004. Estimating the general equilibrium benefits of large changes in spatially 1035 
delineated public goods. International Economic Review, Vol. 45, No 4. 1036 
 1037 
Skinner, K.S., Bruce-Burgess, L., 2005). Strategic and project level river restoration protocols – key 1038 
components for meeting the requirement of the Water Framework Directive (WFD). Water and 1039 
Environment Journal. Vol. 19 Issue 2. Pages 135-142. 1040 
 1041 
Smith, D.P., Phillips, D.A., 2001. Socio-cultural representations of gentrified Pennine rurality. 1042 
Journal of Rural Studies 17, 456-469. 1043 
 1044 
Steyaert, P., Olliver, G., 2007. The European Water Framework directive: How Ecological 1045 
Assumptions Frame Technical and Social Change. Ecology and Society 12(1): 25. [online] URL: 1046 
http://www.ecologyandsociety.org/vol12/iss1/art25/  1047 
 1048 
Tapsell, S.M., 1995. River Restoration: What Are We Restoring To? A Case Study Of The 1049 
Ravensbourne River, London. Landscape Research 20 (3) pages: 98-111. 1050 
 48 
 1051 
Tunstall, S.M., Tapsell, S.M., Eden, S., 1999. How Stable are Public Responses to Changing Local 1052 
Environments? A ‘Before’ And ‘After’ Case study of River Restoration. Journal of Environmental 1053 
Planning and Management, 42(4), 527-547. 1054 
 1055 
Tunstall, S.M. et al., 2000. River Restoration: Public Attitudes and Expectations. Journal of the 1056 
Charted Institution for Water and Environmental Management. Vol. 14 Issue 5 Pages 363-370. 1057 
 1058 
Vickers, D., Rees, P., Birkin, M., 2005. Creating the national classification of Census Output Areas: 1059 
data, methods and results. Working paper 05/2. 1060 
 1061 
Wharton, G., Gilvear, D.J., 2006. River restoration in the UK: Meeting the dual needs of the 1062 
European Union Water Framework Directive and flood defence? Intl. J. River Basin Management 1063 
Vol. 4, No. 4, pp. 1–12. 1064 
 1065 
